Objective: Posteversion carotid endarterectomy hypertension has been suggested to be associated with impaired baroreceptor sensitivity (BRS), which has been identified as a factor of prognostic relevance in patients with cardiovascular disease. The aim of this prospective single-center nonrandomized study was to describe the changes of BRS in the early postoperative period after eversion carotid endarterectomy (E-CEA). Methods: Spontaneous BRS and hemodynamic parameters such as blood pressure (BP), heart rate (HR), cardiac output (CO), and total peripheral resistance (TPR) were evaluated preoperatively as well as postoperatively after 1 and 3 days using a noninvasive sequential cross-correlation method. Additionally, any modification in vasoactive medication due to BP derangement in the postoperative period was noted. Due to non-normal distribution of BRS, HR, and TPR samples, all measured values were expressed as medians with interquartile range (IQR), and a nonparametric test (Friedman) was performed. After adjustment for multiple testing, differences were considered statistically significant when the two-tailed P value was less than .0036. Carotid artery stenosis typically involves accumulation of rigid atheroma at the common carotid artery bifurcation, progressing into the ostium of the internal carotid artery and beyond. Anatomically, this location is in close proximity to the carotid baroreceptors and comprises an apparatus essential to the autoregulation of cerebral blood flow.
Carotid artery stenosis typically involves accumulation of rigid atheroma at the common carotid artery bifurcation, progressing into the ostium of the internal carotid artery and beyond. Anatomically, this location is in close proximity to the carotid baroreceptors and comprises an apparatus essential to the autoregulation of cerebral blood flow.
Baroreceptors are activated by increases in wall tension occurring with increased arterial pressure and modulate both heart rate (HR) and peripheral vascular tone through the medullary baroreflex system. With an acute increase in blood pressure (BP), impulses are propagated through the glossopharyngeal and vagal nerves to the nucleus tractus solitarii of the medulla, with resultant activation of parasympathetic nuclei and inhibition of sympathetic nuclei. 1 Thus, the consequences of baroreceptor activation include reduction in HR, cardiac output (CO), and total peripheral resistance (TPR); changes that buffer the increase in BP. As such, baroreceptor sensitivity (BRS) can be quantified by the HR response to changes in BP (ms/mm Hg).
Clinically, chronic impairment of the baroreceptor sensitivity results in sustained increases in sympathetic nerve activity. This augmented sympathetic activity increases the risk of serious pathologic and morbid consequences, especially in the presence of cardiovascular disease states such as hypertension, heart failure and myocardial infarction, and stroke. [2] [3] [4] [5] Further, it is associated with increased long-term mortality after acute ischemic stroke, irrespective of age, gender, BP, or the etiologic mechanism of the stroke. 5 Traditional carotid endarterectomy (C-CEA) was first reported by DeBakey 6 decades ago 6 and involves a longitudinal arteriotomy at the carotid bifurcation with removal of the atheroma and closure of the artery, most commonly with a patch. Eversional carotid endarterectomy (E-CEA) was subsequently reported by DeBakey and popularized by From Etheredge and Raithel et al as an alternative to C-CEA. 7, 8 E-CEA requires an oblique circumferential transection of the internal carotid artery (ICA) at the carotid bulb. This maneuver has the potential advantage that patch closures may not be necessary, but it is often accompanied by transection of the longitudinal nerve fibers of the carotid sinus nerve, which in prior studies has been associated with the loss of the baroreceptor reflex and postoperative hypertension. [9] [10] [11] [12] [13] We hypothesize that eversion endarterectomy is associated with a depressed postoperative BRS, resulting in hemodynamic aberrations. While previous studies have examined changes in BRS after C-CEA, [14] [15] [16] [17] [18] there are currently no reports that describe the changes that follow E-CEA. Herein, we describe the BRS changes, analyzing hemodynamic parameters such as BP, HR, CO, and TPR preoperatively and in the early postoperative period following E-CEA.
METHODS
The study protocol was approved by the local ethics committee, and informed written consent was obtained from all patients. Thirty-five consecutive patients, admitted with symptomatic or asymptomatic internal carotid artery stenosis, were included in an open, prospective study. Symptomatic stenosis was defined as transient ischemic attack (TIA) or minor stroke (modified Rankin Scale [mRS] of 0-2). Patients who had experienced a severe stroke causing major disability (mRS of 3-5) as well as patients with prior contralateral carotid surgery and ipsilateral restenosis were excluded from the study. The diagnosis of ICA stenosis was confirmed by color duplex ultrasonography. The postoperative period was defined as the time from the patient's arrival in the recovery room until discharge from hospital, which usually was the 5th postoperative day, a length of stay that is currently standard in most German hospitals. Postoperative hypertension (HTN) was defined as an elevation in systolic pressures of Ͼ180 mm Hg or a Ͼ40% rise above normal requiring pharmacologic treatment.
Hemodynamic measurements. Noninvasively estimates of BRS were obtained in the time-domain (BRSTD) by the sequence method (cross-correlation BRS), using the Finometer device (Finapres Medical Systems BV, Amsterdam, The Netherlands). This device consists of a strain gauge attached to a finger cuff and connected to a portable recording unit. All patients were placed in the supine position for at least 10 minutes before measurement. A cuff of appropriate size was attached to the middle finger of the nondominant hand, maintained at heart level. Continuous BP (mm Hg) and HR (beats/min) were measured preoperatively on the day of admission and again at 24 and 72 hours after operation. At each time point, CO (L/min) was calculated as the product of stroke volume, and HR and TPR (mm Hg -min/L) were computed as the ratio of mean arterial pressure to CO.
The Finometer device computes the cross-correlation in time-domain between beat-to-beat systolic BP and RR interval, resampled at 1 Hz, in a sliding 10-second window, with delays of 0 to 5 seconds for interval. The delay with the greatest positive correlation is selected and, when significant at P ϭ .01, slope and delay are recorded as 1 ϫ BRS value. Each 1 second of the recording is the start of a new computation. Beat-to-beat averages of all parameters were obtained over 10-minute periods. The potential advantages of this method over common sequential methods include a much larger number of estimates more regularly distributed over time, a halving of the estimation variance as validated in the European Society of Hypertension Working Group on Baroreflex and Cardiovascular Variability (EUROBAVAR) database, and the availability of the best delay as an extra BRS parameter. 19 In an effort to limit the effect of antihypertensive agents on BRS, each measurement was performed 1 hour after the administration of routine antihypertensive agents. To address the possible influence of cervical plexus anesthesia on BRS as considered as a confounder, the first postoperative measurement was carried out 24 hours after surgery.
If patients had received vasoactive drugs preoperatively, the type of medication was noted, as was any modification in medication made as a result of postoperative BP aberrations.
Operative technique and postoperative management. Endarterectomy procedures were performed by an experienced board certified vascular surgeon under cervical plexus block by means of the eversion technique. All patients received 150 g of clonidine for its sedative, analgesic, and hemodynamic stabilizing effects. 20 In brief, the E-CEA technique was performed by approaching the carotid bifurcation anterior to the internal jugular vein. 21 After dividing the platysma muscle, the jugular vein was identified, and all tributaries were ligated up to the digastric muscle cranially. Next, the carotid artery was mobilized with isolation of the superior thyroid artery, external carotid artery, and the hypoglossal nerve. Complete circumferential mobilization of the carotid bifurcation with transection of the carotid sinus nerve was performed after systemic anticoagulation and clamping of the internal carotid artery.
All postoperative antihypertensive medications decisions were coordinated by the two study physicians (S.D., N.A.). In the recovery room, hypertension was managed as necessary with intravenous (IV) clonidine at a dose of 75 g. Similarly, hypertension developing on the ward was treated with subcutaneous clonidine (75 g) or oral nifedipine (10 mg).
With n ϭ 35 patients, we had 80% power at the overall 0.05 significance level to detect a mean population difference between preoperative and 24 hours postoperative BRS values of 5.4 ms/mm Hg or greater with a two-tailed paired t test, assuming a standard deviation of 11 ms/mm Hg and adjusting for multiple testing (two time points and seven variables of interest).
Statistics. The Shapiro-Wilk W test was used to quantify the normality of distribution for BRS and the hemodynamic parameters (systolic pressure [SP] , diastolic pressure JOURNAL OF VASCULAR SURGERY Volume 55, Number 5 [DP], mean arterial pressure [MAP], CO, and TPR). BRS (P Ͻ .0001), HR (P ϭ .02), and TPR (P Ͻ .0001) were unlikely to be from a normal distribution, as were the preto postoperative changes for all variables except HR. Therefore, for the purpose of uniformity of statistical testing and because the standard deviation is a poor measure of spread for skewed distributions, values were expressed as median and interquartile range (IQR). Nonparametric tests (Friedman test) for paired samples were performed. To maintain an overall significance level of 0.05 when conducting multiple tests (14 tests: baroreceptor sensitivity and six other hemodynamic parameters, each at 24 and 72 hours), the criterion for significance for each two-tailed test was P Ͻ .0036, applying the Bonferroni correction. The MannWhitney U test was performed to evaluate any association between the changes and baseline variables. Statsdirect software (Version 2.7.3, Statsdirect Ltd, Cheshire, UK) was used for all statistical analyses.
RESULTS

History of hypertension.
Among the 35 patients in the final cohort, 34 (97%) had a history of hypertension, and 33 (97%) of these were receiving antihypertensive therapy at the time of enrollment (Table I) . Among those patients receiving antihypertensive therapy, 22 (67%) had normal preoperative baseline BP (systolic BP Ͻ140 mm Hg and diastolic BP Ͻ90 mm Hg), and 11 (33%) had high BP (systolic BP Ͼ140 mm Hg or diastolic BP Ͼ90 mm Hg) despite antihypertensive medication. Neither of the remaining two patients (one with and one without a history of hypertension) had elevated BP, and neither was on antihypertensive medication.
Baroreceptor sensitivity. There was some restoration of BRS between the earlier (24-hour) and later (72-hour) time points (Fig 1) . Overall, 29 (83%) patients had a reduction in BRS (Fig 2) . There were four patients who were considered outliers on the basis of preoperative BRS, and their responses are illustrated in Fig 3. The postoperative increase of HR, reflecting the sympathetic activity, was significant at 72 hours (P ϭ .001) after operation (Table III, Fig 4) . Values of SP, DP, MAP, CO, and TPR were not significantly different from baseline at either the 24-or 72-hour time point (Tables II and III) . The negative correlation between preoperative to postoperative BRS and HR did not achieve statistical significance (Spearman's rank correlation coefficient ϭ 0.25; 95% CI, 0.54-0.09; one-sided P ϭ .07), nor were there any significant correlations between BRS and the other hemodynamic parameters (SP, DP, MAP, CO, and TPR).
Requirements for antihypertensive therapy. Administration of at least one vasodilator for systolic BP of Ͼ180 mm Hg or a Ͼ40% rise above normal was required in 23 (66%) patients overall, including nine (26%) patients during the first 6 hours in the recovery room and 19 (54%) cases after transfer to the surgical ward. Among patients requiring acute administration of vasodilator, 14 belonged to the group with preoperatively normal BP (14/24 [58%]) and the remaining nine patients to the group with preoperatively high BP despite antihypertensive medication (9/11 [82%]). The dosage of existing antihypertensive medications during hospitalization was increased and/or additional antihypertensive medication was prescribed in seven (20%) patients. Among the 23 (66%) patients requiring supplemental antihypertensive medication, one (3%) experienced prolonged hypertension and required 2 additional hospital days. No patient experienced stroke, myocardial infarction, or death following operation.
DISCUSSION
Baroreceptor sensitivity falls following eversional carotid endarterectomy and denervation of the carotid sinus nerve. As well, HR and BP rise, indicative of increased sympathetic activity in the immediate and short-term pe- riod after operation. While no significant differences in other hemodynamic parameters, including SP, DP, MAP, CO, and TPR were detected at the 24-and 72-hour time points, this observation was a likely result of recording of these parameters at just two discrete time points; hypertension was detected and treated rapidly such that a normotensive state was quickly achieved. Further, patients in the current study were routinely treated with clonidine, an agent known to decrease peripheral norepinephrine release. Through stimulation of prejunctional inhibitory ␣2 adrenoceptors and inhibition of neural transmission in different brainstem areas such as the nucleus-tractus solitarius and the lateral reticular nucleus in the ventrolateral medulla, clonidine may have attenuated the BRS effects on the hemodynamic parameters. 20 Miyamoto et al examined the effects of clonidine on the HR response to dynamic cardiac sympathetic nerve stimulation in a rabbit model. 22 Clonidine attenuated the dynamic HR response to sympathetic nerve stimulation. A decrease in mean HR was observed, but a residual increase in HR persisted. Other antihypertensives, including ␤-blockers, diuretics, calcium-channel blockers, angiotensin receptor-1 blockers, nitro-glycerin (in acute administration), and clonidine, increase BRS. Diuretics and other antihypertensives decrease BP and BP-variability, resulting in an increased BRS. Clonidine improves spontaneous BRS through parasympathetic activation. [23] [24] [25] [26] [27] For ethical reasons, we were not able to withdraw antihypertensive drugs, agents that represent potential confounders of BRS and hemodynamic measurements. However, despite the fact that these drugs enhance BRS, the postoperative BRS values decreased significantly. The failure to detect significant changes in BP values such as SP, DP, and MAP, as well as TPR, suggests that medical interventions successfully controlled BP despite impaired BRS.
Our results support the hypothesis that unilateral carotid sinus nerve denervation is sufficient to generate significant physiological changes, in parallel with the clinical findings of a previous study that demonstrated a rise in systolic BP through the 4th day following E-CEA. 11 Speculatively, the explanation for the transience of this phenom- Instead of the usual 95% CI, the 99.64% CI was calculated according to the P value .0036, which was obtained in the analysis.
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enon may relate to recovery of BRS function through the baroreflex apparatus located on the contralateral side and the aortic arch; compensatory mechanisms that may require several days to adapt. Scher et al demonstrated a rise in mean BP lasting for 1 week in a large animal model of bilateral carotid sinus nerve denervation. 28 However, to our knowledge, no experimental data exists on unilateral carotid sinus nerve denervation.
Preoperative neurologic deficits have been reported to be an independent predictor of hypertension after CEA. 29, 30 This phenomenon could be contributed to impairment of the central component of the baroreflex. 5 Patients with prior contralateral or ipsilateral carotid surgery might have altered baroreflex function from damage to the carotid sinus nerve and the carotid sinus baroreceptors. 13 Therefore, patients who had experienced a severe stroke causing major disability (mRS of 3-5) as well as patients with prior contralateral carotid surgery and ipsilateral restenosis were excluded from the current study.
Seagard et al identified two types of carotid sinus baroreceptors with distinct contributions to the regulation of BP. Selective elimination of type one receptors, mainly large myelinated A-fibers, produced a decrease in BRS or attenuation of control of dynamic changes in BP, without an associated change in the tonic resting BP. Subsequent elimination of type-two receptors, mainly small A-fibers and nonmyelinated C-fibers, produced additional attenuation of BRS and significant increases in resting baseline BP. 31 These observations are relevant to the observations of the present study. It appears that dissection of the carotid bulb and transection of the carotid sinus nerve during E-CEA at least impair the sensitivity of type two baroreceptors.
Chronic impairment of the baroreflex results in sustained increases in sympathetic nerve activity with potentially serious pathologic and morbid consequences in cardiovascular disease states, such as hypertension, heart failure, myocardial infarction, and stroke.
2-5 BRS lower than 3 ms/mm Hg is a powerful independent prognostic risk factor for sudden cardiac death. 32, 33 An enhanced BRS had beneficial effects on the outcome of patients with cardiovascular disease, possibly by preventing ventricular arrhythmias. 34 Chao et al found that patients with carotid artery stenosis exhibited a significant reduction in BRS compared with controls. 35 Sykora et al demonstrated that acute stroke with insular involvement was associated with significantly greater BRS impairment compared with BRS in stroke patients without insular involvement. 36 Interestingly, the lowest initial BRS value in the current series (2.06) belonged to a patient with an acute insular stroke.
In a sense, C-CEA might be protective against postoperative cardiovascular events, since the procedure may be associated with increased BRS. A longitudinal arteriotomy is generally employed during C-CEA, and unlike E-CEA, complete mobilization of the carotid bifurcation and division of the carotid sinus nerve is not necessary. 13 As far back as 1974, Angell-James and colleagues demonstrated that removal of rigid atheroma at C-CEA improved carotid baroreflex sensitivity. 9 The pathophysiological explanation of this phenomenon relates to a reduction pressure wave dampening after removal of the atherosclerotic plaque, increasing baroreceptor stimulation from increased vessel compliance. 12 We previously reported an association between C-CEA and decreased BP in the immediate and short-term postoperative period. 11 There exist clinical observations to support these hypotheses; Hirschl et al found BRS to be a predictor of cardiovascular morbidity and mortality in patients after C-CEA. 15 Failure of BRS to increase postoperatively was associated with a significantly higher risk of major vascular events over 5-year follow-up.
The main limitation of the current study is the fact that there is no control group. While the study size was sufficient to demonstrate significant impairment in BRS following E-CEA, it was not large enough to reliably detect a clinically prognostic association between impaired BRS and postoperative adverse events such as cardiovascular, neurologic, and other complications. As well, the potential masking of hemodynamic changes by the use of antihypertensive agents may have blunted the effect of baroreceptor disruption on hemodynamic parameters. In conjunction with the small sample size, such an effect may account for the failure to achieve statistically significant differences in the pre-to postoperative hemodynamic changes or in the correlations between BRS and hemodynamic variables. Further, the study protocol mandated recording of hemodynamic parameters at just two discrete time points, 24 and 72 hours, for purposes of data collection. This may explain the failure to detect a significant difference between the pre-and postoperative hemodynamic values; for instance, postoperative hypertension was relatively quickly identified and treated with normalization of hemodynamic variables by the time of the recordings. Lastly, the lack of a control group of patients treated without carotid sinus nerve denervation, for example, patients undergoing conventional carotid endarterectomy with preservation of the nerve, is a shortcoming of our study design. Inclusion of such a group might have allowed the detection of hemodynamic differences directly attributable to BRS and provided some evidence of causality.
In conclusion, E-CEA might have a decreasing influence on BRS leading to higher sympathetic tone during the early postoperative period. Clearly, however, subsequent longer-term, larger-scale studies with inclusion of a group of patients undergoing C-CEA are warranted to discover whether the BRS impairment is chronic and if it is associated with long-term adverse outcomes. These findings should be interpreted with caution, noting the limitation of an absent control group. 
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